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INTRODUCTION 

The  v  e  of  flow  cytometry  to  identify  and  isolate  cells  by  surface  antigen 
expression  was  a  fundamental  advance  for  immunologists  and  hematologists  and 
now  has  an  increasing  role  in  the  clinical  practice  of  medicine.  Similarly,  the  use  of 
the  flow  cytometer  to  study  lymphocyte  activation  and  cellular  metabolism  has 
proved  to  be  a  powerful  technique.  Knowledge  of  signal  transduction  mechanisms 
has  progressed  to  a  point  where  clinical  applications  of  signal  transduction  measure¬ 
ments  can  now  be  anticipated. 

The  development  of  a  number  of  fluorescent  probes  for  the  study  of  intracellular 
ion  concentrations  in  single,  viable  cells  has  permitted  a  substantial  advance  in  the 
understanding  of  many  areas  of  immunology.1  It  is  well  established  that  changes  in 
intracellular  free  calcium  concentration  play  a  key  role  in  some,  but  not  all  forms  of  B 
and  T  cell  activation.2-1  Calcium  was  the  first  ion  to  be  studied  in  lymphocytes  by  flow 
cytometry  and  the  results  of  early  studies  involving  lymphocytes  have  been  summa¬ 
rized.4  Presently,  two  probes  are  commonly  used  for  flow  cytometric  calcium 
measurement,  indo-1  and  fluo-3.  A  limitation  of  indo-1  is  that  it  requires  ultraviolet 
excitation,  which  is  not  available  on  ali  flow  cytometers.  Fluo-3  is  a  newly  available 
probe1  that,  in  part,  circumvents  this  limitation.5  7  This  probe  can  measure  cellular 

“This  work  was  supported  in  part  by  NMRDC  Grant  Nos.  M0095. 003- 1007  and 
BH29.ABH.009.  The  views  expressed  in  this  article  are  those  of  the  authors  and  do  not  reflect 
the  official  policy  or  position  of  the  Department  of  the  Navy,  the  Department  of  Defense,  nor 
the  United  States  government 
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ionized  calcium  with  488-nm  excitation  and  is  therefore  universally  applicable  to 
currently  available  flow  cytometers.  Fluo-3  does  not  have  intrinsic  fluorescence 
properties  that  permit  ratiometric  determinations  and  is  therefore  less  sensitive  to 
calcium  flux  in  small  subpopulations  of  cells  than  indo-1.  These  limitations  can  be 
circumvented,  in  part,  by  the  simultaneous  use  of  another  indicator.  SNARF-1. 
which  allows  the  variation  in  signal  due  to  cell  size  and  brightness  to  be  eliminated.' 
With  proper  optics,  fluo-3  can  be  used  in  cells  that  arc  also  surface-labeled  with 
phycoervthrin-conjugated  antibody.'’ 

In  this  report,  abnormal  calcium  homeostasis  in  the  T  lymphocytes  from  patients 
with  two  forms  of  acquired  immunodeficiency  is  illustrated.  Patients  with  HIV-1 
infection  have  impaired  calcium  mobilization  early  in  the  course  of  the  infection, 
before  the  onset  of  clinical  immunodeficiency.  This  abnormality  occurs  in  asymptom¬ 
atic  patients,  before  significant  CD4  cell  depletion.  Finally,  it  is  speculated  that  signal 
transduction  will  be  clinicallv  useful  in  other  disease  states. 


BONE  MARROW  TRANSPLANTATION 

Bone  marrow'  transplantation  (BMT)  results  in  a  severe  immunodeficiency  of 
both  cellular  and  humoral  immune  functions  in  all  patients.  In  cases  of  successful 
engraftment.  the  immune  system  returns  to  normal  one  to  two  years  postgraft  me.1' 
This  can  be  delayed  even  further  in  cases  where  graft  versus  host  disease  develops  or 
where  the  marrow  is  manipulated,  as.  for  example,  with  T  cell  depletion  of  the  donor 
marrow.  Impaired  T  cell  immunity  is  a  major  cause  of  morbidity  and  mortality  after 
marrow  transplantation,  as  evidenced  bv  the  high  incidence  of  fatal  pneumonia  from 
cytomegalovirus. 

A  key  question  concerning  the  immunodeficiency  is  to  what  extent  the  immuno¬ 
deficiency  is  the  result  of  lymphopenia  and  to  what  degree  impaired  cellular  function 
might  contribute  to  the  immunodeficiency.  To  answer  this  question,  the  responses  of 
1  cells  were  tested  in  a  series  of  patients  derived  from  the  Medical  College  of 
Wisconsin  and  Wavnc  State  University.4  In  this  study,  the  T  cells  from  23  patients 
were  assessed  in  the  first  year  after  BMT.  The  calcium  signal  occurring  after 
anti-CD3  monoclonal  antibody  stimulation  of  the  peripheral  blood  lymphocytes 
from  BMT  patients  was  quantitated.  The  peak  mean  change  in  intracellular  free 
calcium  concentration  ((Ca-!+J,)  was  graded  as  "normal"  (7(1-10 AT  of  control), 
“blunted"  (33-70%  of  control),  and  "poor"  (0-35%  of  control).  Only  4  of  23  patients 
studied  within  the  first  year  after  transplantation  had  normal  responses,  whereas  5  ol 
7  patients  studied  more  than  one  year  after  transplantation  had  normal  responses. 

The  mechanism  of  this  defect  in  calcium  signal  transduction  was  further  studied 
in  another  group  of  patients  at  Wavnc  State  University.  To  date.  20  patients  have 
been  studied,  with  a  median  age  of  32  (range  of  10  to  54).  The  responses  of  B  and  T 
lymphocytes  to  anti-Ig  and  anti-CD3  stimulation  have  been  tested  using  flow 
cytometry  as  previously  described.1"  The  cells  were  obtained  from  BMT  patients  at  a 
median  94  days  after  grafting  (range  of  24  to  264  days).  Twenty-seven  of  the  patients 
had  a  marrow  allograft  and  2  had  an  autologous  graft.  Fourteen  of  the  patients  had 
clinically  evident  .  •"•ft  versus  host  disease  and  26  of  the  patients  were  receiving  some 
form  of  immunosuppression. 


JUNE  et  at.:  SIGNAL  TRANSDUCTION 


22 


In  the  present  study,  a  substantial  proportion  of  patients  were  found  to  have  a 
marked  decrease  in  the  percent  of  responding  T  cells  after  anti-CD3  stimulation 
(FIGURE  1,  lower  panel).  Under  these  conditions  of  anti-CD3  treatment,  more  than 
50%  of  normal  T  cells  can  be  observed  to  respond  in  the  flow  cytometric  assay, 
whereas  more  than  half  of  the  BMT  patients  had  <20%  of  their  T  cells  respond. 
Most  intriguingly,  this  defect  in  T  cell  responsiveness  appears  to  be  specific,  as  the 
fraction  of  responding  B  cells  appears  to  be  normal  (  Figure  1 .  upper  panel ).  These 
results  arc  preliminary  because  fewer  observations  of  B  cell  responses 'are  available, 
as  this  part  of  the  assay  was  added  to  the  protocol  more  recently. 

The  mean  calcium  response  of  patient  T  cells  was  also  reduced  (Tabu  1  i.  In 
Table  1,  the  mean  calcium  response  of  T  and  B  cells  from  BMT  patients  was 
compared  to  the  response  of  the  companion  control  sample.  Approximately  two- 
thirds  of  the  BMT  patients  had  poor  or  blunted  responses,  whereas  B  cell  responses 
were  again  relatively  preserved.  The  impaired  T  cell  responses  tend  to  recover  with 
increasing  time  after  BMT  (Table  2).  confirming  earlier  results." 

The  mechanism  of  the  impaired  calcium  signal  transduction  after  BMT  remains 
to  be  elucidated.  Multivariate  analysis  has  failed  to  show  a  clear  association  of  am 
specific  form  of  immunosuppression,  such  as  cyclosporine,  or  any  complications  of 
BMT.  such  as  graft  versus  host  disease.  It  remains  to  be  determined  whether  this 
defect  in  signal  transduction  might  be  related  to  the  risk  of  developing  opportunistic 
infections  after  BMT.  It  is  intriguing  to  speculate  that  the  abnormal  thymic  microen¬ 
vironment  after  BMT  may  result  in  abnormal  or  delayed  T  cell  maturation.  Finally, 
the  pace  of  normal  maturation  of  lymphoid  signal  transduction  remains  to  be 
determined  in  the  peripheral  human  immune  system.  Ethical  constraints  have 
prevented  the  assessment  of  B  and  T  cell  signal  transduction  during  human  prenatal 
and  postnatal  development. 


HIV-1  INFECTION 

Patients  with  HIV-1  infection  often  remain  asymptomatic  for  years  after  the 
initial  infection.  Whereas  the  late  and  progressive  phase  of  HIV-1  infection  is 
characterized  by  a  decline  in  circulating  CD4 '  T  cells,  the  latent  phase  is  character¬ 
ized  by  normal  or  nearly  normal  CD4‘  T  cells  that  have  functional  impairments.  For 
example.  CD4‘  T  cells  from  patients  with  lute-stage  HIV- 1  infection  have  decreased 
proliferation  to  specific  recall  antigens,  whereas  proliferation  to  mitogens  remains 
normal.11  Similarly.  IL-2  production  and  7  cell  proliferation  in  patients  with  AIDS 
were  impaired  in  the  autologous  mixed  lymphocyte  reaction,  whereas  alloantigcn- 
induccd  proliferation  was  intact.12  In  a  large  study  ol  patients  with  asymptomatic, 
eariv-stage  HIV-1  infection,  impaired  IL-2  production  to  recall  antigens  such  as 
tetanus  toxoid  was  commonly  observed.1' 

Many  studies  suggest  that  defective  signal  transduction  in  HIV- 1  -infected  cells 
might  account,  in  part,  for  the  functional  impairments  commonly  observed  in  the 
cells  from  HIV-infected  patients  (summarized  in  reference  14).  Baseline  inositol 
trisphosphatc  levels  arc  increased  in  an  HIV- 1 -infected  cell  line.1'’  We  found  that  7' 
cell  receptor-induced  calcium  fluxes  were  impaired  in  CD4*  T  cells  infected  m  vitro 
with  HIV-1. ,h  This  signal  transduction  defect  was  selective,  as  anti-CD2  monoclonal 
antibodv-mduced  calcium  flux  remameu  intact. 
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FIGURE  1.  Calcium  mobilization  in  B  and  T  cells  from  marrow  craft  recipients.  Peripheral 
blood  lymphocytes  were  isolated  by  gradient  centrifugation,  loaded  with  indo-l.  and  stained 
with  a  cocktail  of  phycoervthrin-labeled  monoclonal  antibodies  so  that  B  or  I  cells  could  be 
identified  bv  negative  selection.1"  The  cells  were  equilibrated  at  37  C  and  anti-CD3  antibody  or 
anti-Ig  was  added  in  order  to  stimulate  T  and  B  cells,  respectively.  The  percent  of  responding 
cells  at  2  SD's  above  the  baseline  value  was  calculated  as  previously  described.1"  Control 
samples  from  normal  volunteers  were  analyzed  at  the  same  time  as  the  samples  from  the  BMT 
patients.  To  date.  T  cells  from  29  BMT  patients  and  13  controls  and  B  cells  from  18  BMT 
patients  and  10  controls  ha'  e  been  tested.  Histograms  of  the  percent  responding  cells  are 
depicted. 
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table  i.  Relative  Calcium  Mobilization  in  B  and  T  Cells  from  Marrow  Transplant 
Recipients 

Type  of  Response" 

[No.  of  Patients  (%)] 

Cell  Subset* 

Poor 

Blunted 

Normal 

T  cells 

1 1  /29  (387  ) 

9/29  (317 ) 

9/29(317) 

B  cells 

5/18(287) 

3/18(177) 

10/18  (567  ) 

11  Responses  were  assessed  by  comparison  to  control  samples.  The  responses  were  classified  to 
an  arbitrary  scale  of  normal,  blunted,  and  poor,  representing  70- 100*7 . 35-70*7.  and  0-35*7  of 
the  control  peak  mean  (Ca:~  j,  response. 

''Lymphocytes  were  obtained  from  marrow  graft  recipients,  loaded  with  indo-1  and  stained 
with  phvcoerythrin-conjugated  antibodies  in  order  to  identify  B  and  T  cells  hv  negative 
selection.1"  The  cells  were  stimulated  with  anti-CD3  monoclonal  antibody  or  anti-lg  to  activate 
T  and  B  cells,  respectively.  Responses  were  quantitated  by  flow  cytometry  by  measuring  the 
changes  in  the  mean  [Ca-*  |,  as  assessed  by  changes  in  the  violet  and  blue  indo-1  fluorescence. 
The  response  of  B  and  T  cells  was  determined  bv  gating  on  the  red  fluorescence  using  negative 
selection. 


We  have  now  studied  a  series  of  patients  with  carlv-stage  HIV-1  infection  to 
determine  whether  impaired  signal  transduction  occurs  during  in  vivo  infections. 
Twenty-one  patients  w*ith  early-stage  HIV-1  infection  (Walter  Reed  stages  1 1— II I ) 
were  studied.  Normal  volunteer  blood  donors  served  as  controls.  Peripheral  blood 
lymphocytes  were  isolated  by  Ficoll  density  gradient  centrifugation.  The  cells  were 
loaded  w*ith  indo-1  and  CD4*  T  cells  were  identified  by  staining  with  anti-CD5  and 
anti-CD8  monoclonal  antibody  and  gating  on  the  CD5l>r"-'h,~  CDS  cells.  The  cells 
were  stimulated  with  unti-CD3  monoclonal  antibody  and  the  changes  in  the  mean 
[Ca:’|,  and  the  fraction  of  responding  cells  were  analyzed  by  flow  cytometry  as 
previously  described.111  For  these  studies,  the  flow  cytometer  was  modified  to  prevent 
the  generation  of  biohazardous  aerosols. 

The  peak  mean  |Ca:~|  response  of  the  cells  from  HIV-1 -infected  cells  was 
significantly  lower  than  the  response  of  the  control  cells  (Table  3).  Comparison  of 


Table  2.  Time-dependent  Recovery  of  T  Cell  Responses  after  Marrow 
Transplantation 


Days  after  BMT 

No.  o) 

Patients 

7  (  on 
(  a-'  Resj 

30 

1 

*> 

Ml 

4 

34 

9(1 

41) 

120 

6 

5  ^ 

150 

Mo 

1811 

5 

n» 

240 

4 

65 

•  The  response  of  indo-1 -loaded  T  cells  trom  marrow  gratt  recipients  was  assessed  as  in  T  am  1 
1  and  F-ita  Kf  I.  The  cells  were  stimulated  with  anti-CD.T  monoclonal  antibody  and  the  peak 
mean  change  in  (Ca:*  ],  w  as  determined.  Cells  w  ere  tested  from  recipients  who  were  between  34 
and  264  days  after  transplantation  and  the  responses  were  assessed  by  comparison  to  control 
samples 
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the  responses  of  individual  patients  and  controls  shows  little  overlap  between  the 
data  points  (not  shown).  The  percent  of  responding  cells  was  also  decreased  in  the 
HIV-l-infected  patients  (Table  3).  The  decrease  was  specific  in  that  the  response  to 
calcium  ionophore  remained  intact.  The  impaired  response  of  the  HIV-l-infected 
patients  was  not  a  shift  in  the  kinetics  of  the  response,  as  the  time  to  peak  response 
was  the  same  in  patients  and  controls.  Some  patients  have  severely  impaired 
responses,  whereas  some  are  only  moderately  impaired.  When  the  response  to 
anti-CD3  stimulation  is  analyzed  at  the  single  cell  level,  the  decrease  in  the  peak 
mean  response  is  a  result  of  two  components.  First,  there  is  a  population  ol 
nonresponding  CD4  T  cells  in  HIV-1  -infected  patients  and.  second,  some  patients 
have  a  population  of  responding  cells  that  exhibit  a  blunted  response  when  com¬ 
pared  to  control  patients. 

The  mechanism  of  the  decreased  calcium  mobilization  in  HIV- 1  -infected  pa¬ 
tients  remains  undetermined.  In  uninfected  T  cells,  there  is  evidence  from  fluores¬ 
cence  resonance  energy  transfer  experiments  indicating  that  CD4  is  physically 
associated  with  the  T  cell  receptor.171*  It  is  possible  that  gpl20  disrupts  this 
association.  However,  many  other  mechanisms  are  possible.14 

table  3.  T  Cell  Receptor-mediated  Calcium  Signals  in  Patients  with  Earlv-Stagc 
HIV-1  Infection 

Anti-CD3  Stimulation 

Peak  Mean  f"r  Responding 

|CaJ*  j,  (nM)u  Cells1' 

Patients  {n  =  21)  443  ±  180  52  t  14 

Controls  (n  =  17)  1036  ±  381  81  i  6 

"Mean  ±  1  SD. 

Further  studies  will  he  required  to  determine  if  the  defects  in  signal  transduction 
correlate  with  disease  outcome  or  are  prognostic  of  the  clinical  course.  If  this  proves 
to  be  the  case,  then  signal  transduction  assays  will  be  useful  clinical  tests  to  monitor 
the  efficacy  of  many  new  and  often  expensive  therapeutic  interventions.  At  this  time, 
the  best  validated  marker  is  the  CD4  count.  The  long  natural  fusion,  of  III V- 1 
infection  and  the  increasing  use  of  interventional  therapies  dictate  a  requirement  tor 
a  sensitive  test  of  immune  function  early  in  the  course  of  infection,  w  hen  the  CD4  cell 
count  remains  normal.  It  is  possible  that  an  assay  of  cellular  signal  transduction 
might  subserve  this  function. 

Blackman  and  colleagues*1'  have  recently  shown  that  some  forms  of  peripheral 
(nondeietional)  T  cell  tolerance  are  accompanied  with  impaired  signal  transduction 
When,  in  these  studies,  transgenic  mice  with  T  cell  receptors  specific  for  the  Mis 
superantigen  were  bred  to  a  strain  that  expresses  self-superantigen,  the  T  cells  Ironi 
the  mice  were  hyporesponsivc  w'hen  compared  to  transgenic  mice  that  did  not 
express  self-supcrantigen.  Thus,  it  is  possible  that  some  forms  of  self-tolerance  arc 
the  result  of  T  cell  receptor  desensitization.  If  so.  then  many  common  autoimmune- 
diseases  such  as  systemic  lupus  erythematosus  and  rheumatoid  arthritis  that  arc- 
thought  to  represent  a  loss  of  self-tolcrance  might  be  assessed  with  clinical  studies  of 
signal  transduction.  Finally,  it  is  lik  \  signal  transduction  will  be  useful  for  a 
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variety  of  clinical  situations  involving  cells  other  than  T  cells.  For  example,  platelet 
calcium  homeostasis  appears  to  be  abnormal  in  women  with  preeclampsia.2" 


REFERENCES 

1.  Tsien.  R.  V.  1989.  Fluorescent  probes  of  cel!  signaling-  Annu.  Rev.  Neurosci.  12:  22-253 
2  Grinsteis.  S.  &  S.  J.  Dixon.  1989.  Ion  transport,  membrane  potential,  and  cytoplasmic 
pH  in  lymphocytes:  changes  during  activation.  Physiol.  Rev  69:  1  i  "-4N ; 

3.  Jt'Nt.  C.  H.  1991.  Signal  transduction  in  T cells.  Curr.  Opin.  Immunol  3(3 ):  287-293 . 

4.  Jt'Nt,  C  H.  &  P.  S.  Rabinovik  h.  1988.  Flow  cytometric  measurement  oi  cellular  ionized 

calcium  concentration.  Pathol.  Immunopathol  Res.  7:  409—132. 

5.  Vandenburghl.  P.  A.  Ac  J.  L.  Celppens.  1990.  Flow  cvtometric  measurement  ot  ectoplas¬ 

mic  free  calcium  in  human  peripheral  blood  T  lymphocvtcs  with  fluo-3.  a  new 
fluorescent  calcium  indicator.  J.  Immunol.  Methods  127:  197-20' 

6.  Griffioln,  A.  vv..  G.  T.  Rukers.  J.  Keij  &  B.  J.  Zegers.  I9S9.  Measurement  of 

cytoplasmic  calcium  in  lymphocytes  using  flow  cytometry:  kinetic  studies  and  single  cel: 
analysis.  J  Immunol.  Methods  120:  23-27. 

7.  Rukers.  G.  T..  L.  B.  Jestemeni.  A.  W.  Grietioen  &  J.  C.  Cambii  h.  199u,  improved 

method  for  measuring  intracellular  Ca*  *  with  fluo- 3  Cvtometn  11:93’,  uy 

8.  Lem.  L.  G.  199(1.  Immune  recover,  after  bone  marrow  transplantation  Hematol  Oncol 

Clin.  North  Am.  4(3);  659-675. 

9  Yamagami.  M..  P.  W.  McFadden.  S.  M.  Kolthl.  V  Ratanatharathorn  A  L  G  Lt  m 
1990.  Failure  of  T  cell  receptor-anti-CD3  monoclonal  antibody  interaction  in  1  cells 
from  marrow  recipients  to  induce  increases  in  intracellular  ionized  calcium  J  Clin 
Invest.  86(10):  1347-1351. 

10.  Rabinovitch.  P.  S..  C.  H.  Jt'Nt.,  A.  Grossmann  &  J.  A  Ledbi  iter.  1986.  Hctcrogcncm 

of  T  cell  intracellular  free  calcium  responses  after  mitogen  stimulation  with  PH  A  or 
anti-CD3:  use  of  indo-1  and  simultaneous  immunofluorescence  with  flow  cytometry.  .1 
Immunol.  137:  952-961. 

11.  Lane.  H.  C..  J.  M.  Depper.  W.  C.  Greene.  G.  Whai.en.  T.  A.  Wai.dmann  A:  A  S  Fapci. 

1985.  (Qualitative  analysis  of  immune  function  in  patients  with  acquired  immunodefi¬ 
ciency  svndrome:  evidence  for  a  selective  defect  in  soluble  anticen  recoenition.  N  Enel. 
J.  Med.  313:  79-84. 

12.  Smolen.  J.  S..  P.  Bettelheim.  U.  Kut  i.lr.  S.  McDoegai  .  W.  Gkamnuk,  I.  A  Legi  r. 

W.  KsApr  &  K.  Lech  nek.  1985.  Deficiency  of  the  autologous  mixed  lymphocyte 
reaction  in  patients  with  classic  hemophilia  treated  with  commercial  (actor  VIII 
concentrate:  correlation  w  ith  Tcell  subset  distribution,  antibodies  to  lymphadenopathv- 

:: . ~;'"ed  or  burmm  T  'ymphotron>'‘  vtrus.  and  analysts  ot  the  cellular  basis  of  the 

deficiency.  J.  Clin.  Invest.  75:  1828-1837. 

13.  Cleric :i.  M..  N.  1.  Stck  ks  A:  R.  A.  Zaj.ac  .  1989.  Detection  of  three  distinct  patterns  of  I 

helper  cell  dvslunciion  in  asymptomatic,  human  immunodeficiency  virus  seropositive 
patients:  independence  of  CD4  cell  numbers  and  clinical  stacinu.  J  Chn.  Invest 
84:  1892-1899. 

14  Pinching,  a.  J.  <y  K.  E  Nye.  1991).  Defective  signal  transduction — a  common  pathway  tor 
cellular  dysfunction  in  HIV  infection?  Immur.o!  Today  *  1  f  ~  t  256- 

15.  Nye.  K.  E.  A;  A.  J  Pinching.  1991.  HIV  infection  of  H9  Ivmphoblastoid  cells  chronicallv 

activates  the  mositoi  polyphosphate  pathway.  AIDS4(  I ):  41-45 

16.  Lint.ttl.  G.  P..  R  J  Hartzman.  j.  A.  Lt  .dm.  iter  A:  C.  H.  Ii  ne.  1988.  HIV- i-mlccted  1 

cells  show  a  selective  signaling  detect  after  perturbation  of  CD3  antigen  receptot. 
Science  241(4865):  573-576. 

1  Check.  R.  S..  C.  R  (  an  for  A:  D.  B.  Tst .  1 990.  CD4-T-cel!  antigen  receptor  complexes  on 
human  leukemia  T  cells.  Proc.  Natl.  Acad.  Sci.  U.S.A.  87: 5021-5025. 

In.  Mittlek.  R.  S..  S.  J.  Goldman.  G.  L.  Spiialns  A;  S.  J.  Bcrakoh.  1989.  T-cell 
receptor~CD4  physical  association  in  a  murine  T-cell  hvbridoma:  induction  by  antigen 
receptor  ligation.  Proc  Natl.  Acad  Sc;.  U.S.A.  86:  8531-8535. 

19.  Blackman.  M.  A..  T  H.  Finkle.  J.  Rappi.ek.  J.  Cambii  r  &  P  Markack.  1991.  Altered 


232 


ANNALS  NEW  YORK  ACADEMY  OF  SCIENCES 


antigen  receptor  signaling  in  anergic  T  cells  from  self-tolerant  T-celi  receptor  p-chain 
transgentc  mice.  Proc.  Natl.  Acad.  5a.  U.5.A.  88(  15):  6682-6686 
20.  Zemel.  M.  B..  P.  C.  Zemel.  S.  Berry.  G.  Normas.  C.  Kowalczyk.  R  J.  Somw  P.  R 
SiANDLts.  M.  F  W  alsh  J.  R,  bowtks  1*W0.  Altered  platelet  caicium  metabolism  as 
an  early  predictor  of  increased  peripheral  vascular  resistance  and  preeclampsia  in 
urban  black  women.  N.  fcngl.  J,  Med.  3231'’)  478-480 


Accession  For 

y  i 

KTIC  IhAkl 
DTI:  TAV, 
Unarm..:..!."-  a  <5 
'■  Jual : :  .  -  .  \  L 

□ 

u 

J 

t  By 

- j 

i 

1  Ui s t  r i but i on/ 

Availability 

Codes  | 

IAvs.ll  and/or 


iDlat  j  Special 


